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(54) Airfoil isolated leading edge cooling 

(57) A gas turbine engine airfoil (14) includes first 
and second sidewalls (22,24) joined together at oppo- 
site leading and trailing edges (26,28), and spaced apart 
from each other therebetween to define a leading edge 
channel (34) extending longitudinally from a root to a tip 
of the airfoil. A plurality of film cooling holes (36) extend 
through the leading edge and are disposed in flow com- 
munication with the leading edge channel. An isolation 



plenum 38 extends along the first sidewall and adjacent 
the leading edge channel, and is separated therefrom 
by a partition (40) having a plurality of inlet holes (42). 
A plurality of film cooling gill holes (44) extend through 
the first sidewall and are disposed in flow communica- 
tion with the isolation plenum. Cooling air is channeled 
from the leading edge channel to the isolation plenum 
for feeding the gill holes with reduced pressure air 
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Description 

[0001] The present invention relates generally to gas 
turbine engines, and. more specifically, to cooled turbine 
blades and stator vanes therein. 
[0002] In a gas turbine engine, air is pressurized in a 
compressor and channeled to a combustor wherein it is 
mixed with fuel and ignited for generating hot combus- 
tion gases. The combustion gases flow downstream 
through one or more turbines which extract energy 
therefrom for powering the compressor and producing 
output power. 

[0003] Turbine rotor blades and stationary nozzle 
vanes disposed downstream from the combustor have 
hollow airfoils supplied with a portion of compressed air 
bled from the compressor for cooling these components 
to effect usetul lives thereof. Any air bled from the com- 
pressor necessarily is not used for producing power and 
correspondingly decreases the overall efficiency of the 
engine. 

[0004] in order to increase the operating efficiency of 
a gas turbine engine, as represented by its thrust-to- 
weight ratio for example, higher turbine inlet gas tem- 
perature is required, which correspondingly requires en- 
hanced blade and vane cooling. 

[0005] Accordingly, the prior art is quite crowded with 
various configurations intended to maximize cooling ef- 
fectiveness while minimizing the amount of cooling air 
bled from the compressor therefor. Typical cooling con- 
figurations include serpentine cooling passages for con- 
vection cooling the inside of blade and vane airfoils, 
which may be enhanced using various forms of turbula- 
tors. Internal impingement holes are also used for im- 
pingement cooling inner surfaces of the airfoils. And, 
film cooling holes extend through the airfoil sidewalls for 
providing film cooling of the external surfaces thereof. 
[0006] Airfoil cooling design is rendered additionally 
more complex since the airfoils have a generally con- 
cave pressure side and an opposite, generally convex 
suction side extending axially between leading and trail- 
ing edges. The combustion gases flow over the pres- 
sure and suction sides with varying pressure and veloc- 
ity distributions thereover. Accordingly, the heat load in- 
to the airfoil varies between its leading and trailing edg- 
es, and also varies from the radially inner root thereof 
to the radially outer tip thereof. 

[0007] One consequence of the varying pressure dis- 
tribution over the airfoil outer surfaces is the accommo- 
dation therefor for film cooling holes. Atypical film cool- 
ing hole is inclined through the airfoil walls in the aft di- 
rection at a shallow angle to produce a thin boundary 
layer of cooling air downstream therefrom. The pressure 
of the film cooling air must necessarily be greater than 
the external pressure of the combustion gases to pre- 
vent backflow or ingestion of the hot combustion gases 
into the airfoil. 

[0008] Fundamental to effective film cooling is the 
conventionally known blowing ratio which is the product 



of the density and velocity of the film cooling air relative 
to the product of the density and velocity of the combus- 
tion gases at the outlets of the film cooling holes. Ex- 
cessive blowing ratios cause the discharged cooling air 

5 to separate or blow-off from the airfoil outer surface 
which degrades film cooling effectiveness. However, 
since various film cooling holes are fed from a common- 
pressure cooling air supply, providing a minimum blow- 
ing ratio for one row of commonly fed film cooling holes 

10 necessarily results in an excessive blowing ratio for the 
others. 

[0009] Accordingly, it is desired to provide a turbine 
airfoil having improved film cooling notwithstanding ex- 
ternal pressure variations therearound. 
is [0010] According to the present invention, there is 
provided a gas turbine engine airfoil which includes first 
and second sidewalls joined together at opposite lead- 
ing and trailing edges, and spaced apart from each other 
therebetween to define a leading edge channel extend- 
20 ing longitudinally from a root to a tip of the airfoil. A plu- 
rality of film cooling holes extend through the leading 
edge and are disposed in flow communication with the 
leading edge channel. An isolation plenum extends 
along the first sidewall arid adjacent the leading edge 
2S channel, and is separated therefrom by a partition hav- 
ing a plurality of inlet holes. A plurality of film cooling gill 
holes extend through the first sidewall, and are disposed 
in flow communication with the isolation plenum. Cool- 
ing air is channeled from the leading edge channel to 
30 the isolation plenum for feeding the gill holes with re- 
duced pressure air. 

[0011] The invention, in accordance with preferred 
and exemplary embodiments, together with further ob- 
jects and advantages thereof, is more particularly de- 
3S scribed in the following detailed description taken in con- 
junction with the accompanying drawings in which: 
[0012] Figure 1 is an isometric view of an exemplary 
gas turbine engine turbine rotor blade having an airfoil 
in accordance with an exemplary embodiment of the 
40 present invention. 

[0013] Figure 2 is a radial sectional view through the 
airfoil illustrated in Figure 1 and taken along line 2-2. 
[0014] Figure 3 is an elevational sectional view 
through the airfoil illustrated in Figure 2 and taken along 
45 line 3-3. 

[0015] Illustrated in Figure 1 is a rotor blade 10 con- 
figured for attachment to the perimeter of a turbine rotor 
(not shown) in a gas turbine engine. The blade 1 0 is dis- 
posed downstream of a combustor and receives hot 
so combustion gases 12 therefrom for extracting energy to 
rotate the turbine rotor for producing work. 
[0016] The blade 1 0 includes an airfoil 1 4 over which 
the combustion gases flow, and an integral platform 16 
which defines the radially inner boundary of the com- 
ss bustion gas fiowpath. A dovetail 18 extends integrally 
from the bottom of the platform and is configured for ax- 
ial-entry into a corresponding dovetail slot in the perim- 
eter of the rotor disk for retention therein. 
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[0017] In order to cool the blade during operation, 
pressurized cooling air 20 is bled from a compressor 
(not shown) and routed radially upwardly through the 
dovetail 18 and into the hollow airfoil 14. The airfoil 14 
is specifically configured in accordance with the present 
invention for improving effectiveness of the cooling air 
therein. Although the invention is described with respect 
to the airfoil for an exemplary rotor blade, it may also be 
applied to turbine stator vanes. 

[0018] As initially shown in Figure 1, the airfoil 14 in- 
cludes a first or suction sidewall 22 and a circumferen- 
tially or laterally opposite second or pressure sidewall 
24. The suction sidewall 22 is generally convex and the 
pressure sidewall is generally concave, and the side- 
walls are joined together at axially opposite leading and 
trailing edges 26,28 which extend radially or longitudi- 
nally from a root 30 at the blade platform to a radially 
outer tip 32. / 

[0019] An exemplary radial section of the airfoil is il- 
lustrated in more detail in Figure 2 and has a profile con- 
ventionally configured for extracting energy from the 
combustion gases 12. For example, the combustion 
gases 12 first impinge the airfoil 14 in the axial, down- 
stream direction at the leading edge 26, with the com- 
bustion gases then splitting circumferentially for flow 
over both the suction sidewall 22 and the pressure side- 
wall 24 until they leave the airfoil at its trailing edge 28. 
[0020] At the airfoil leading edge, the combustion gas- 
es 12 develop a maximum static pressure P v with the 
pressure then varying correspondingly along the suction 
and pressure sidewalls. Due to the convex shape of the 
suction sidewall 22, the combustion gases are acceler- 
ated therearound to increase velocity thereof with a cor- 
responding reduction in pressure, with an exemplary 
pressure P 2 located downstream of the leading edge on 
the suction sidewall being substantially lower than the 
maximum pressure at the leading edge. 
[0021] Similarly, the concave shape of the pressure 
sidewall also controls the velocity of the combustion 
gases as they flow downstream or aft thereover with an 
exemplary pressure P 3 being less than the maximum 
pressure at the leading edge and greater than the cor- 
responding pressure P 2 on the opposite convex side. 
The pressure profile along the suction sidewall 22 is 
substantially less in magnitude than the pressure profile 
along the pressure sidewall 24 to provide an aerody- 
namic lifting force on the airfoil for rotating the support- 
ing turbine rotor to produce work. 
[0022] The cooling air 20 is provided to the airfoil typ- 
ically at a single source pressure which is sufficiently 
high for driving the cooling air through various cooling 
circuits inside the airfoil and then being discharged 
through the airfoil into the turbine flowpath in which the 
combustion gases flow. Since the pressure and velocity 
profiles of the combustion gas flowing over the airfoil 
suction and pressure sidewalls varies, the differential 
pressure between the cooling air supplied inside the air- 
foil and the combustion gases flowing outside the airfoil 



correspondingly varies. 

[0023] As indicated above, the blowing ratio of the 
cooling air discharged through holes in the airfoil may 
correspondingly vary and affect the cooling effective- 

s ness of the discharged cooling air. This is most critical 
at the airfoil leading edge which experiences the maxi- 
mum static pressure in the combustion gases with a 
steep gradient reduction in pressure along the suction 
sidewall near the leading edge, which like the leading 

10 edge itself requires effective cooling for acceptable 
blade life. 

[0024] As initially shown in Figure 2, the airfoil suction 
and pressure sidewalls are laterally spaced apart from 
each other between the leading and trailing edges to de- 

is fine several internal flow channels including a leading 
edge channel 34 which extends longitudinally from root 
to tip of the airfoil and axially aft behind the leading edge 
26 for channeling the cooling air 20 therealong. A plu- 
rality of film cooling leading edge holes 36 extend 

20 through the leading edge in flow communication with the 
leading edge channel 34 for discharging a portion of the 
cooling air for film cooling the leading edge locally along 
the outer surface of the suction and pressure sidewalls 
extending therefrom. 

2S [0025] The leading edge holes 36 may have any con- 
ventional configuration such as conical diffusion holes 
for increasing film coverage and effectiveness of the 
cooling air while reducing the amount of cooling air re- 
quired. The leading edge holes are conventionally con- 

30 figured in several longitudinal rows spaced apart axially 
near the leading edge to develop corresponding films of 
cooling air extending downstream over both the pres- 
sure and suction sidewalls for thermally protecting the 
leading edge region of the airfoil from the hot combus- 

35 tion gases 12. 

[0026] Since the static pressure of the combustion 
gases 12 is maximum in the region of the leading edge 
26, the cooling air 20 provided in the leading edge chan- 
nel 34 has a sufficiently high pressure which is suitably 

40 greater than the pressure of the combustion gases out- 
side the leading edge channel. Suitable blowing ratios 
are thusly effected across the several leading edge 
holes 36 to maximize the effectiveness of the cooling air 
discharged therefrom while providing a suitable blow-off 

45 margin to prevent separation of the cooling-air film from 
the airfoil surface. 

[0027] However, as indicated above the pressure of 
the combustion gases 12 decreases substantially from 
the leading edge along the suction sidewall 22. In ac- 

so cordance with the present invention, cooling of this low- 
er pressure region of the airfoil downstream of the lead- 
ing edge on the suction sidewall is isolated from the 
cooling of the leading edge 26 itself using the leading 
edge channel 34 and the cooperating film cooling holes 

55 36 fed thereby. 

[0028] As shown in Figure 2, an isolation chamber or 
plenum 38 is disposed along the suction sidewall 22 di- 
rectly adjacent the leading edge channel 34, and is sep- 
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arated therefrom by an isolation or first partition 40 hav- 
ing a p\n alrty of metering first inlet holes 42 for receiving 
a portion of the cooling air from the leading edge channel 
34. The isolation plenum 38 is preferably closed except 
for the inlet holes 42 for receiving air from the leading s 
edge channel 34, and except for a plurality of film cooling 
gill holes 44 extending through the suction sidewall 22 
in a longitudinal row. 

[0029] The gill holes 44 are disposed in flow commu- 
nication with the isolation plenum 38 for discharging the 
cooling air received therefrom for film cooling the suction 
sidewall 22 aft of the airfoil leading edge 26. The gill 
holes 44 may take any conventional configuration, such 
as fan diffusion film cooling holes for maximizing the ef- 
fectiveness of the discharged film cooling air. 
[0030] The inlet holes 42 are arranged in a longitudi- 
nal row between the leading edge channel 34 and the 
isolation plenum 38 and are sized to restrict or meter the 
cooling air therebetween for reducing the pressure of 
the cooling air supplied to the isolation plenum. In this 
way, low pressure cooling air is isolated from the higher 
pressure air in the leading edge channel 34 to improve 
the blowing ratio across the gill holes 44. Since the pres- 
sure of the combustion gases outside the gill holes 44 
is substantially less than the maximum pressure of the 
combustion gases at the leading edge 26, the pressure 
of the cooling air inside the isolation chamber 38 is pref- 
erably lower than the pressure of the air in the leading 
edge channel 34 to independently control the respective 
blowing ratios across the leading edge holes 36 and the 
gill holes 44. 

[0031] As shown in Figure 2, the inlet holes 42 pref- 
erably extend through the inlet partition 40 obliquely to 
the inner surface of the suction sidewall 22 for directing 
the cooling air in corresponding jets in impingement 
thereagainst for enhancing cooling effectiveness there- 
of as well as enhancing cooling effectiveness of the gill 
holes 44. The significant restriction of the inlet holes 42 
reduces the coolant pressure as it impinges on the inner 
surface of the suction sidewall. Impingement convection 
cooling is maximized by the reduction in pressure, while 
film cooling effectiveness of the gill holes 44 is also im- 
proved due to a reduced coolant momentum to combus- 
tion gas momentum ratio. The lower momentum ratio 
across the gill holes 44 reduces the chance of film blow- 
off margin at this location as represented by an increase 
in the blowoff-margin. 

[0032] The gill holes 44 are preferably disposed aft of 
the inlet holes 42 farther away from the leading edge 26. 
In this way, the leading edge channel 34 and its coop- 
erating rows of film cooling holes 36 provides effective 
film cooling of the leading edge region of the airfoil in 
the vicinity of the maximum pressure combustion gases 
thereat. 

[0033] The suction sidewall 22 is preferably imperfo- 
rate along the isolation plenum 38 from the last row of 
leading edge holes 36 to the gill holes 44. The suction 
sidewall in this region is effectively cooled internally from 



the isolation plenum 38 by impingement cooling from the 
inlet holes 42 and convection cooling within the plenum. 
The spent cooling air is then discharged through the gill 
holes 44 into the lower pressure combustion gases 
thereat to form a film of cooling air therefrom for film 
cooling the suction sidewall 22 downstream therefrom. 
[0034] In this way, airfoil cooling at the leading edge 
26 is isolated from cooling downstream therefrom along 
the suction sidewall 22 experiencing the greatest gradi- 
ent in pressure of the combustion gases 1 2. The blowing 
ratio across the leading edge holes 36 and suction side 
gill holes 44 may thusly be tailored to their respective 
locations subject to the difference in pressure of the 
combustion gases thereat for maximizing cooling effec- 
tiveness at both locations with corresponding blow-off 
margins. 

[0035] Cooling effectiveness may be further en- 
hanced by providing a mid-chord channel 46 disposed 
directly aft or behind the leading edge channel 34 ; and 
separated therefrom by a second partition 48. As addi- 
tionally shown in Figure 3, the mid-chord channel 46 and 
the leading edge channel 34 both extend radially or lon- 
gitudinally from the root to tip of the airfoil. 
[0036] The second partition includes a plurality of sec- 
ond inlet holes 50 for channeling the cooling air there- 
through into the leading edge channel 34. The inlet 
holes 50 are preferably sized for metering the cooling 
air therethrough and effecting jets of cooling air directed 
across the leading edge channel 34 for impingement 
cooling the inner surface of the airfoil at the leading edge 
26. In this way, the cooling air experiences a significant 
pressure drop across the inlet holes 50, and yet again 
experiences another significant pressure drop across 
the first inlet holes 42 to provide effectively lower pres- 
sure cooling air to the isolation plenum for optimizing the 
blowing ratio across the gill holes 44. 
[0037] As shown in Figures 2 and 3, the airfoil prefer- 
ably also includes an inlet channel 52 extending longi- 
tudinally and parallel with the midchord channel 46, and 
separated therefrom by a third partition 54 having a plu- 
rality of third inlet holes 56 arranged in two exemplary 
rows for channeling the cooling air therethrough. 
[0038] The midchord channel 46 preferably directly 
adjoins the pressure sidewall 24 aft of the leading edge 
channel 34, and the inlet channel 52 preferably adjoins 
the suction sidewall 22 directly aft of the isolation ple- 
num 38 and separated therefrom by an imperforate 
fourth partition 58. The fourth partition 58 thus further 
isolates the isolation plenum 38 from the high pressure 
cooling air initially introduced through the inlet channel 
52. 

[0039] The cooling air preferably does not directly en- 
ter the isolation plenum 38 from the inlet channel 52 
since the desired pressure reduction therebetween can- 
not be maximized. Instead, the cooling air 20 must flow 
in turn from the inlet channel 52 to the midchord channel 
46, to the leading edge channel 34, and lastly to the iso- 
lation plenum 38 which is thusly separated from the inlet 
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channel by the three sets of inlet holes 42,50,56. 
[0040] As shown in Figure 2, the airfoil 14 may also 
include additional cooling channels disposed aft of the 
midchord channel 46 and the inlet channel 52 for cooling 
the aft and trailing edge portions thereof in any conven- 
tional manner. 

[0041] In the preferred embodiment illustrated in Fig- 
ures 2 and 3, the leading edge channel 34 is a chamber 
or plenum closed at its radially inner end which receives 
the cooling air solely through the second inlet holes 50. 
Similarly, the midchord channel 46 is also a chamber or 
plenum closed at its radially inner end and receives the 
cooling air solely through the third inlet holes 56. The 
second and third inlet holes 50,56 to both the leading, 
edge channel 34 and the midchord channel 46 are pref- 
erably sized to meter or restrict the cooling air there- 
through, and in turn reduce pressure thereof from the 
inlet channel 52 to the midchord channel 46, and further 
in turn through the first inlets, 42 to the isolation plenum 
38. 

[0042] In this way, the cooling air 20 initially received 
in the airfoil with maximum pressure flows radially up- 
wardly through the inlet channel 52 and is firstly metered 
through the inlet holes 56 for impingement cooling the 
inner surface of the pressure sidewall 24 in the midchord 
channel 46. The cooling air is then metered through the 
inlet holes 50 for impingement cooling the inner surface 
of the airfoil at the leading edge 26 with a portion of the 
air being discharged from the leading edge channel 
through the several film cooling holes 36. The remaining 
portion of the cooling air is lastly metered through the 
inlet holes 42 for impingement cooling the inner surface 
of the suction sidewall 22 in the isolation plenum 38 and 
is finally discharged through the film cooling gill holes 
44 at a substantially reduced pressure than when first 
received in the inlet channel 52. 
[0043] Accordingly, the pressure of the cooling air 20 
is reduced in multiple steps from the inlet channel 52 to 
its final discharge from the gill holes 44 for substantially 
improving the blowing ratio across the gill holes 44, and 
thus improving film cooling therefrom. 
[0044] Furthermore, the same cooling air is used in 
multiple steps for cooling different portions of the airfoil 
prior to being discharged from the gill holes 44, and thus- 
ly further increases the efficiency of cooling. 
[0045] This impingement in series effectively uses the 
cooling air multiple times before expelling the coolant 
through either the leading edge or gill film cooling holes 
36,44. This reduces the need for cooling airflow and op- 
timizes the cooling design by increasing cooling efficien- 
cy. The temperature of the cooling air increases as the 
series cooling is effected for maximizing the heat remov- 
al capability thereof. 

[0046] The isolation plenum enhances film cooling ef- 
fectiveness downstream from the leading edge on the 
airfoil suction sidewall under the substantial gradient in 
pressure of the combustion gases therealong. The mul- 
tiple-use cooling air, including the series impingement 
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cooling effected by the impingement holes 56,50,42 in 
that order, more effectively utilizes the cooling potential 
of the cooling air prior to being discharged from the air- 
foil. 



Claims 

1. A gas turbine engine airfoil (14) comprising: 

first and second sidewalls (22,24) joined to- 
gether at opposite leading and trailing edges 
(26,28), and spaced apart from each other ther- 
ebetween to define a leading edge channel (34) 
extending longitudinally between a root (30) 
and a tip (32) of said airfoil, and disposed be- 
hind said leading edge for channeling cooling 
air (20) therealong; 

a plurality of film cooling leading edge holes 
(36) extending through said leading edge (26), 
and disposed in flow communication with said 
leading edge channel (34) for discharging a 
portion of said cooling air for film cooling said 
leading edge; 

an isolation plenum (38) disposed along said 
first sidewall (22) adjacent said leading edge 
channel (34), and separated therefrom by an 
isolation partition (40) having a plurality of inlet 
holes (42) for receiving a portion of said cooling 
air from said leading edge channel (34); and 
a plurality of film cooling gill holes (44) extend- 
ing through said first sidewall (22), and dis- 
posed in flow communication with said isolation 
plenum for discharging said cooling air there- 
from for film tooling said first sidewall (22). 

2. An airfoil according to claim 1 wherein said inlet 
holes (42) are sized to meter said cooling air be- 
tween said leading edge channel (34) and said iso- 
lation plenum (38) for reducing pressure therebe- 
tween. 

3. An airfoil according to claim 2 wherein said inlet 
holes (42) extend through said partition (40) ob- 
liquely with said first sidewall (22) for directing said 
cooling air in impingement thereagainst. 

4. An airfoil according to claim 3 wherein said first 
sidewall (22) is a onvex, suction sidewall, and said 
second sidewall (24) is a concave, pressure side- 
wall . 

5. An airfoil according to claim 4 wherein said gill holes 
(44) are disposed aft of said inlet holes (42). 

6. An airfoil according to claim 4 further comprising a 
midchord channel (46) disposed aft of said leading 
edge channel (34), and separated therefrom by a 
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partition (48) having a plurality of inlet holes (50) for 
channeling said cooling air therethrough. 

An airfoil according to claim 6 further comprising an 
inlet channel (52) extending longitudinally and par- 
allel with said midchord channel (46), and separat- 
ed therefrom by a partition (54) having a plurality of 
inlet holes (56) for channeling said cooling air there- 
through. 



10 



8. An airfoil according to claim 7 wherein said mid- 
chord channel (46) adjoins said second sidewail 
(24) aft of said leading edge channel (34), and said 
inlet channel (52) adjoins said first sidewail (22) aft 

of said isolation plenum (38). is 

9. An airfoil according to claim 8 wherein said inlet 
holes (50,56) to both said leading edge channel (34) 
and. midchord channel (46) are sized to meter said 
cooling air therethrough and reduce pressure there- 20 
of from said inlet channel (52) to said midchord 
channel (46), and in turn through said inlets (42) to 
said isolation plenum (38). 

1 0. An airfoil according to claim 8 further comprising an 2s 
imperforate partition (58) disposed between said 
isolation plenum (38) and said inlet channel (52). 
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(54) Airfoil isolated leading edge cooling 

(57) A gas turbine engine airfoil (14) includes first 
and second sidewails (22,24) joined together at oppo- 
site leading and trailing edges (26,28), and spaced apart 
from each other therebetween to define a leading edge 
channel (34) extending longitudinally from a root to a tip 
of the airfoil. A plurality of film cooling holes (36) extend 
through the leading edge and are disposed in flow com- 
munication with the leading edge channel. An isolation 



plenum 38 extends along the first sidewail and adjacent 
the leading edge channel, and is separated therefrom 
by a partition (40) having a plurality of inlet holes (42). 
A plurality of film cooling gill holes (44) extend through 
the first sidewail, and are disposed in flow communica- 
tion with the isolation plenum. Cooling air is channeled 
from the leading edge channel to the isolation plenum 
for feeding the gill holes with reduced pressure air. 
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